At high collision energies as achieved at the LHC there are increasing contributions from hard processes, which can be computed with perturbative QCD. Nevertheless, particle production is still dominated by soft QCD with transferred momentum of a few GeV. These phenomena are described by non-perturbative phenomenology and challenge the theoretical models. ALICE has measured several observables which target soft QCD, both in Run 1 and 2 proton-proton and proton-lead collisions at the LHC. A selection of results will be presented in these proceedings, focusing on the model comparisons and summarizing the understanding of soft QCD after almost 8 years of data taking.
Introduction
With higher collision energy at the LHC, the contribution from hard scatterings increases and more than one hard collision can occur, giving rise to Multiple Parton Interactions (MPI). Anyway, the majority of the processes observed are dominated by semi-hard and soft interactions: single, double and non-diffractive. The modelling of soft processes is challenging because of the non-perturbative aspects involved, making these measurements of high importance for tuning models. In the following, several observables will be presented and the common assessments discussed. The ALICE detector is described elsewhere in detail [1] . For the event and centrality selection of the presented results, the V0 forward scintillators are used, as well as the Silicon Pixel Detector and the Alice Diffractive detector. For track reconstruction of charged particles, the Inner Tracking System (ITS) and the Time Projection Chamber (TPC) are used. The Forward Multiplicity Detector is used for counting particles at forward rapidity. The ITS is also used for vertexing, and the TPC for Particle Identification (PID). PID uses several other sub-detectors of ALICE: the Electromagnetic Calorimeter, the Transition Radiation Detector, the Time of Flight, and the Muon Spectrometer.
Particle multiplicities
Particle multiplicities are important for tuning theoretical models and as a reference for other measurements. In ALICE, we have measured both the pseudorapidity density dN ch /dη and the probability P(N ch ) as a function of the number of charged particles, in proton-proton, pp, collisions for Run 1 energies: √ s = 0.9 to 8 TeV, at central [2] and forward rapidities [3] , and for Run 2 energy: 13 TeV [4] . Regarding protonlead, p-Pb, collisions, new results for pseudorapidity density at √ s NN = 8.16 TeV were presented and are shown in Fig. 1 . On the left-hand side, the observable at midrapidity is scaled by half the average number of participants calculated with a Glauber model as a function of the energy in the center-of-mass system. The pA points agree with the pp inelastic (INEL) class, since the contribution from diffractive processes is negligible. It is also interesting to notice that the rise of AA points is much steeper with respect to pp and pA. In Fig. 1 right, the distribution as a function of the pseudorapidity η in the laboratory system is shown. The dN ch /dη lab is asymmetric and the number of charged particles is higher in the Pb-going side, positive η. The distribution is compared to several models, which show a general good agreement in the Pb-fragmentation side [5] [6] [7] . In the p side, models which assume gluon saturation, MC-rkBK [8] and KLN [9] , are favoured. 
Underlying event
A key measurement to separate soft and hard processes is the underlying event in different regions of the collision as a function of the leading-track momentum. In ALICE, we have measured it in pp collisions at √ s = 0.9 and 7 TeV [10] . The results for the average charged-particle density as a function of the p T of the leading track are shown in Fig. 2 for the toward (left) and transverse (right) regions, for p T,min > 0.15 GeV. The toward and away regions, with respect to the leading track, collect fragmentation products from hard scatterings and, there, the average particle density increases monotonically. The transverse-region measurement probes, instead, the underlying event and the particle density grows up to few GeV and than flattens. The plateau can be interpreted as a dependence on the MPI at low leading track p T , while at higher leading track p T the hard processes do not influence the particle density any more.
Multiple parton interactions
Wanting to study the number of MPI one can define the uncorrelated seeds. In a parton-parton scattering two partons scatter back-to-back in the azimuthal angle. This creates two mini-jets, i.e. jets at low p T , with yield proportional to the number of MPI. The MPI are roughtly proportional to the number of charged particles [11] : N uncorrelated seeds = N trig / 1 + N associated, nearside + N associated, awayside . Particles are selected triggering using the first layer of the ITS and the V0 detector. N trig depends on the number of semi-hard scatterings per event and the fragmentation properties of partons. Instead, the average number of 1385) + in pp collisions at 7 TeV [14] . Right: Relative yield of inclusive J/ψ mesons for three rapidity regions in p-Pb collisions at 5.02 TeV [17] . uncorrelated seeds, N uncorrelated seeds , combines the average number of trigger particles with the nearside and awayside yield of trigger particles, reducing the fragmentation dependence and increasing the sensitivity to the number of scatterings per event. Starting from the measurement in pp at √ s = 7 TeV in Fig. 3 left, one can notice that the N uncorrelated seeds as a function of the charged particles increases up to a certain point where it saturates. This can be interpreted as a limit in the number of MPI. It is interesting to notice that the saturation behaviour is not present in p-Pb results at √ s NN =5.02 TeV, Fig. 3 right, where the N uncorrelated seeds continues to grow with N ch [12] . It will be important to check the behaviour at higher energies, although for pp collisions the saturation already starts at 0.9 TeV.
Particle production
As seen in the previous sections, the models do overall a good job in describing the observables, but one case where they generally fail is in the description of the strange-hadrons multiplicity dependence. This makes strangeness measurements crucial for tuning of Monte Carlo models. Enhancement of strangeness has been observed by ALICE also in high-multiplicity pp collisions, challenging our understanding of small collision systems. One example is the recent measurement of the yields of strange and multistrange particles [13] . Indeed, this enhancement is one of the key observables to test the formation of Quark-Gluon Plasma in heavyion collisions. A representative strange-hadron measurement is the Σ(1385) ± production in pp collisions, in Fig. 4 left, where one notices that the Monte Carlo models compared to the results might differ also by an order of magnitude with respect to data [14] . Most recent versions of models, like PYTHIA 8 [15] , agree better with the measurement. Other multiplicity-dependent results, which are relevant to study soft QCD, are the charmed and J/ψ meson yields. In pp collisions, both at Run 1 and 2 energies, the D and J/ψ yields as a function of the pseudorapidity density grow much faster than the diagonal [16] . This can be interpreted as a result of multiplicity saturation, and, therefore, MPI saturation. The same behaviour is observed in p-Pb collisions for the J/ψ yield [17] . In Fig. 4 right, one can see that in the forward rapidity region, which is also the region where the interaction is softer, there is a hint of saturation in the J/ψ relative yield.
Collectivity in small systems
The event shape analysis is another good tool to check soft-QCD processes. One of the observables measured in ALICE is the transverse sphericity, defined in terms of the eigenvalues of the transverse momentum matrix S T = 2λ 2 /λ 2 + λ 1 [18] . The S T has a value that goes from 0, in the pencil-like events (hard processes), to 1, isotropic limit (soft processes). An interesting measurement is the probability density, P(S T ), shown in Fig. 5 . Looking at the results for N ch ≥ 30 in the bottom-right pad, it can be concluded that the common Monte Carlo generators underestimate the production of isotropic events (higher S T ) but overestimate the production of jetty events. The measurement of another quantity, called spherocity
2 , seems to be more effective in discriminating jets.
Summary
A wide set of soft-QCD results from ALICE have been shown. In general, the charged-particle multiplicities and the underlying event are well described by models, at least on the level of 10-20%. Given the complexity of non-perturbative soft-QCD description, this is a sound achievement. Still some additional work has to be done at forward rapidities where the collision is softer. Several observables hint to saturation of Multiple Parton Interactions at high multiplicity and high p T . Among these, we have presented a measurement of the underlying event, with the average charged-particle density in the toward region, the average uncorrelated seeds and the charmed and J/ψ meson yields as a function of the multiplicity. The models are particularly challenged when measuring strange hadrons, although progress has been made in recent tunes, which use LHC data. Concluding, soft-QCD measurements at LHC have significantly improved our phenomenological understanding of high-energy collisions, but future measurements will allow us to further improve our understanding.
